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US5254168 A 

The particle coater includes an upstanding column which has an upper cylindrical section, a 
tapered intermediate section and lower cylindrical section. Depending from the lower 
cylindrical section is a cylindrical chamber which is inner-connected to tubular sections 
adapted for introducing multiple air streams via separately controlled inlet openings. 
The dual-jet and spray construction includes an upwardly-facing spray nozzle positioned in 
coaxial relationship to the tubular sections and a draft tube, and a downwardly-facing spray 
nozzle contained with a fountain tube which is disposed above the draft tube. The fountain 
and draft tubes concentrically intersect about the intermediate section of the column in an 
opened telescopic arrangement. The dual-jet and spray particle coater provides multiple 
coating and drying zones using heaters (181-184) and thermocouple probes (21 1-214). 
USE/ADVANTAGE - E.g. for coating fine (200 micrometre dia) crystalline aspiring powder 
and coarser (1mm dia) tablets. Also in agriculture, food processing and engineering 
industries. Automatic and continuous monitoring and control of all fluid flow rates, 
temperatures and critical pressure measurements throughout fluidized coating system. 
(Dwg.4/4) 

EP Equiv. Abstract : 

EP-574I73 B 

An apparatus for spray coating discrete particles while such particles are suspended in a 
fluidized bed, said apparatus (10) comprising and characterised by: an upstanding column 
(15) including an upper cylindrical body section (15a) provided with a vent (17), a 
downwardly tapered intermediate section (15b) and a lower cylindrical section (15c), said 
tapered intermediate section and said lower cylindrical section housing a vertically extending 
draft tube (50); a vertically positioned fountain tube (20) adapted with an air inlet port (22) 
and a spray extension (24) terminating in opposing air and liquid inlets (26, 28) and 
extending axially above said upper cylindrical body section (15a), said fountain tube (20) 
housing a downwardly-facing atomising spray nozzle (25) and having a greater diameter than 
said draft tube (50), wherein both tubes concentrically intersect within the column in an 
opened telescopic dual-jet and spray arrangement; a cylindrical inlet chamber (30) extending 
from and communicating with said lower cylindrical section (I5c), said cylindrical inlet 
chamber (30) being provided with an air entry port (32) and containing a jet inlet tube (3 1) 
and an upwardly-facing atomising spray nozzle (40) positioned in coaxial relationship to said 
jet inlet tube (31) and said draft tube (50); a tubular channel (34) which depends from said 
cylindrical inlet chamber (30) and communicates with said jet inlet tube (31), said tubular 
channel being provided with a swirl flow inlet line (36); an air inlet tubular chamber (37) 
which depends from and communicates with said tubular channel (34), said tubular chamber 
being adapted with an air inlet opening (38) and having a centrally protruding spray extension 
(24*) provided with terminally opposing air and liquid inlets (26',28'); and regulating means 
for controlling flow distribution and flow rates within the apparatus and for controlling 
temperatures of all inlet streams to the apparatus. (Dwg.4/4) 
EP-574173 B 

The particle coater includes an upstanding column which has an upper cylindrical section, a 
tapered intermediate section and lower cylindrical section. Depending from the lower 
cylindrical section is a cylindrical chamber which is inner-connected to tubular sections 
adapted for introducing multiple air streams via separately controlled inlet openings. 
The dual-jet and spray construction includes an upwardly-facing spray nozzle positioned in 
coaxial relationship to the tubular sections and a draft tube, and a downwardly-facing spray 
nozzle contained with a fountain tube which is disposed above the draft tube. The fountain 
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and draft tubes concentrically intersect about the intermediate section of the column in an 
opened telescopic arrangement. The dual-jet and spray particle coater provides multiple 
coating and drying zones using heaters (181-184) and thermocouple probes (21 1-214). 
USE/ADVANTAGE - E.g. for coating fine (200 micrometre dia.) crystalline aspiring powder 
and coarser (1mm dia.) tablets. Also used in agriculture, food processing and engineering 
industries. Automatic and continuous monitoring and control of all fluid flow rates, 
temperatures and critical pressure measurements throughout fluidised coating system. 
(Dwg.2,3/4) 

EP-574173 An apparatus for spray coating discrete particles while such particles are 
suspended in a fluidized bed, said apparatus (10) comprising and characterised by: an 
upstanding column (15) including an upper cylindrical body section (15a) provided with a 
vent (17), a downwardly tapered intermediate section (15b) and a lower cylindrical section 
(15c), said tapered intermediate section and said lower cylindrical section housing a vertically 
extending draft tube (50); a vertically positioned fountain tube (20) adapted with an air inlet 
port (22) and a spray extension (24) terminating in opposing air and liquid inlets (26, 28) and 
extending axially above said upper cylindrical body section (15a), said fountain tube (20) 
housing a downwardly-facing atomising spray nozzle (25) and having a greater diameter than 
said draft tube (50), wherein both tubes concentrically intersect within the column in an 
opened telescopic dual-jet and spray arrangement; a cylindrical inlet chamber (30) extending 
from and communicating with said lower cylindrical section (15c), said cylindrical inlet 
chamber (30) being provided with an air entry port (32) and containing a jet inlet tube (31) 
and an upwardly-facing atomising spray nozzle (40) positioned in coaxial relationship to said 
jet inlet tube (31) and said draft tube (50); a tubular channel (34) which depends fi-om said 
cylindrical inlet chamber (30) and communicates with said jet inlet tube (31), said tubular 
channel being provided with a swirl flow inlet line (36); an air inlet tubular chamber (37) 
which depends fi-om and communicates with said tubular channel (34), said tubular chamber 
being adapted with an air inlet opening (38) and having a centrally protruding spray extension 
(24') provided with terminally opposing air and liquid inlets (26',28'); and regulating means 
for controlling flow distribution and flow rates within the apparatus and for controlling 
temperatures of all inlet streams to the apparatus. ((Dwg.4/4)) 
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Description 

This Invention relates generally to an apparatus for spray coating discrete particles while such particles are sus- 
pended in a f luidized bed. More particularly, the present invention relates to a fluid-bed particle coater having a dual-jet 

5 and spray arrangement which is adapted to automatically monitor and control all essential processing parameters of the 
fluidized-bed coating operation. 

The application of fluid-bed technology for coating tablets, granules, pellets and other discrete particles is well known 
In the prior art. having been described In considerable detail In such patent literature as U.S. Patent Nos. 2.648,609, 
2.799,241 . 3.089,824. 3.1 96,827 and 3,207.824 to Wurster and Wurster et al. Such f luidlzed-bed coating processes find 

10 particular application in the pharmaceutical field and generally involve supporting uncoated particles in a vertical column 
by injecting a continuous stream of air from the bottom of a column. A coating solution is atomized and sprayed onto 
the air-suspended particles, and the particles are then dried while supported by the air. The drying tinr|e of the applied 
coating should be regulated by controlling the atomization rate and/or the temperature of the supporting air stream. Also, 
the velocity of the air stream should be adjustable so that the air-suspended particles are maintained In a relatively 

IS confined region of the column. Moreover, the air stream is usually directed into one portion of the suspended bed of 
particles at a higher velocity than in the remaining portion of the f luidized bed. This causes the particles tof low upwardly 
in the portion of the bed subjected to the higher velocity air and induces a downward flow in the remaining portion of 
the bed to create a cyclical vertical movement of the particles within a generally central region of the column. Since the 
particles are repeatedly recirculated within the column, successive layers of coating solution are applied to the particles 

20 until a coating of the desired thickness is formed. 

The apparatus that has been commercially utilized for conducting a fluidized-bed coating procedure typically com- 
prises a cylindrical column having a tapered lower section terminating in an air inlet opening. A screen or other porous 
member usually extends across the air inlet to retain particles in the column when theftow pressurized air Is discontinued. 
At or above the center of the screen is an upwardly<lirected nozzle for spraying liquid coating materials upwardly into 

25 the central zone of the column. As the air-suspended particles commence their upward travel within the central zone of 
the column, they are coated with the liquid coating discharged from the nozzle. The liquid deposited on the particles 
dries as these coated particles migrate upwardly within the central zone and as they travel downwardly through an 
annular outer zone of the column. The dried coated particles subsequentiy reenter the central region of the column 
where the coating is successively applied until a satisfactory film coat is obtained. 

30 A variety of modifications to the general apparatus and procedure described hereinabove has been proposed in an 
attempt to improve the overall efficiency of the fluidized-bed coating operation. For instance. U.S. Patent No. 3,241 ,520 
to Wurster et al. discloses an apparatus wherein the central region of the column is provided with a partition for separating 
the upwardly and downwardly moving particle streams In order to establish a greater upward velocity of air in the coating 
zone. However, this as well as other prior art structural modifications fail to overcome the reported disadvantages of 

35 fluidized-bed coating systems. Such acknowledged disadvantages include surface imperfections resulting from vigorous 
agitation of the coated granules and loss of coating material to the air exhaust, which present certain fundamental 
problems to the pharmaceutical industry. Also, undesirable particle elutriation from the fluldized bed presents kxrth a 
health and safety hazard, resulting in both the loss of scarce product materials arxJ the need for expensive pollution 
control equipment. It was further found that these prior art coating procedures were Imprecisely controlled by conven- 

40 tional equipment. Adjustments to these f luidized systems to account for variations in the processing corxiitions during 
operation were difficult to accomplish, causing variations in the finished products. 

Accordingly, it is a primary object of the present invention to provide an apparatus which is readily adaptable for 
efflclentiy controlling all essential processing parameters of a fluid-bed coating operation. 

It Is a further object of the invention to provide an apparatus which Is capable of automating the coating of discrete 

45 particles, whereby a precisely controlled fluldized system can be obtained and adjusted during operation. 

It is among the further objects of the present invention to provide a fluid-bed particle coater having multiple high- 
velocity coating zones, and multiple heating and drying zones which can be independently monitored to control the flow 
distribution, flow rate and temperatures of all processing streams within the apparatus. The ability to control particle 
elutriation from the fluldized bed and substantially eliminate the need for such equipment as cyclones and bag filters Is 

so an addltlonat object of this invention. 

These and other objects are accomplished in accordance with one aspect of the present invention which provides 
a fluid-bed particle coater having a dual-jet and spray arrangement and including an upstanding column which has an 
upper cylindrical section provided with a vent, an intermediate tapered section which communicates at its upper end 
with the upper cylindrical section and which progressively reduces in diameter towards its lower end for communication 

55 with a lower cylirxirlcal section. Extending from the lower cylindrical section is a cylindrical chamber provided with a 
lateral air entry port, which chamber is Inner-connected to tubular sections adapted for introducing multiple air streams 
via separately controlled Inlet openings. The lateral entry port of the chamber Is provided for Introdudng air to the annular 
region of the column. Auxiliary means for heating the air streams are also provided. 
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The dual-jet and spray design includes an upwardly-facing spray nozzle inserted at a lower inlet opening which can 
be positioned below or inside the inlet to a draft tube, and a downwardly-facing spray nozzle disposed above the draft 
tube and encompassed within a fountain tube. The fountain and draft tubes have different inner diameters and intersect 
within the upper cylindrical section in an opened tetesicopic arrangement. An inlet port is provided for introducing air into 

5 the fountain tube and air inlet openings at the tubular sections provide air to the draft tube. Air and coating liquid from a 
suitable source are separately introduced into both nozzles to produce an aerosol spray. Air entering the tutxjiar sections 
from separate inlets passes through a jet inlet tube and can be made to co-flow or swirl before entering the lower cylin- 
drical section of the apparatus. This serves to control flow distribution between entering alr.streams and also to confine 
the coating spray to the inlet of the draft tube. 

10 The dual-jet and spray particle coater of the invention provides two spray coating zones: there is the usual one 
located below the inlet to the draft tube and a second one located above the outlet of the draft tube. The fountain tube 
serves as an additional spray coating zone, a zone to introduce heat for drying and a means for controlling the height 
of the particle fountain issuing from the draft tube. Unlike conventional apparatus designs, where particles are retained 
by filters atK>ve the fluid bed, the fountain flow of the present invention redirects particles back to the annular zone of 

IS i\^e column where additional diffusional drying occurs. In this way, a highly efficient no impact, gas-particle separation 
is, provided. 

In accordance with another aspect of the present invention the fluid-bed particle coater is conveniently adapted with 
a completely integrated computer control system that provides for automatic and continuous monrtoring of all fluid flow- 
rates, temperatures and aitical pressure measurements throughout the system. These outputs are electronically mon- 
20 itored and the resulting data are used to control the coating process by making real-time adjustments to critical input 
parameters. 

The foregoing and other features, advantages and objects of the invention may be more fully appreciated by refer- 
ence to the following detailed description and accompanying drawings. 
In the accompanying drawings:- 

25 

FIG. 1 is a side elevational view of the fluid-bed particle coater of the present invention. 

FIG. 2 is a cross-sectional view of the lower portion of the fluid-bed particle coater of the invention showing details 
of the draft tube and annutus inlet sections. 

FIG. 3 is a cross-isectional view of the upper portion of the fluid-bed particle coater of the invention showing details 
30 of the fountain tube inlet section. 

FIG. 4 is a schematic representation of the automated fluid-bed particle coating system of the present invention. 

Referring particularly to FIG. 1 , there is generally shown a fluid-bed coater 10 preferred for use in the practice of 
the present invention which includes an upstanding outer column 15 having an upper cylindrical body section 15a prb- 

36 vided with a horizontally disposed vent 1 7, a downwardly tapered intermediate section 1 5b and a lower cylindrical section 
15c. Extending axially above cylindrical body section 15a is a vertically posrtioned fountain tube 20 which is adapted 
with an air inlet port 22 and a T-shaped spray extension 24 terminating in opposing inlets 26 and 28. Extending from 
( lower cylindrical section 15c is cylindrical inlet chamber 30 which is provided with a horizontally disposed air entry port 
32. Tubular channel 34 with an associated swiri inlet line 36 depends from inlet chamber 30 and communicates with air 

40 inlet tubular chamber 37 adapted witii jet air inlet opening 38. Centrally protruding from tiie bottom of tubular chamber 
37 is T-shaped spray extension 24' provided with terminally opposing inlets 26' and 28'. 

The column 15, as well as other elements of tiie present apparatus, may be constructed of a rigid non-pervious 
material such as stainless steel. Sight windows can be conveniently placed at various locations throughout the apparatus 
to permit easy viewing of the coating procedure. 

45 FIG. 2 depicts the lower portion of the fluid-bed particle coater 1 0 showing details of tiie entry area to draft tube 50 
and air inlet sections 30, 34 and 37. As illustrated, an upwardly-facing atomizing spray nozzle 40 is positioned in coaxial 
relationship to a jet inlet tube 31 and draft tube 50 (partially shown). Spray nozzle 40 extends centrally through tubular 
channel 34 and tubular chamber 37. tiien terminates in T-shaped spray extension 24' provided with opposing inlets 26' 
and 28*. The jet inlet tube 31 is arranged annulariy around spray nozzle 40 and physically separates the annulus 35 of 

so cylindrical chamber 30 from the nozzle. 

Chamber 30 serves as a plenum for annulus air in lower cylindrical section 15c. Aeration flow to the annular zone 
33 surrounding the draft tube 50 is provided through a perforated cylindrical insert 42 via air entry port 32. Insert 42 has 
a downwardly tapered upper surface terminating in a central opening and is supported at its base by the interior edge 
of flange 44. The central opening of insert 42 communicates with the top opening of jet inlet tube 31. A plurality of 

55 vertically spaced-apart openings 46, each preferably about 0.95 cm (3/8**) in diameter, permeates insert 42 to provide 
an air stream to annular zone 33 of a lower velocity than that feeding the draft tut>e. Particle circulation rate may be 
controlled by altering the f lowrate to annular zone 33 and varying the distance between the inlet to draft tube 50 and 
outiet of jet inlet tube 31. designated as L|. A screen of uniform mesh size (not shown) may be fabricated to cover the 
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tapered surface of insert 42 to further prevent the particles from falling into the annulus region 35 of chamber 30 before 
and after the coating operation. 

The spray nozzle 40 may be adjustably mounted to move up and down in the jet inlet tube 31 and can be vertically 
extended through the opening of tulbe 31 into the lower portion of draft tube 50 to optimize the location of the nozzle. 

s Screen 39 exterKis across the bottom of tubular channel 34 to prevent particles from falling Into tubular chamber 37 
when nozzle 40 is positioned within jet inlet tube 31. as illustrated in FIG. .2. Under conditions in which it is necessary 
to extend the nozzle beyond the outlet of jet tube 31, a screen having a central opening (not shown) may be placed 
across the jet tube outlet to prevent particles from falling into the jet tube during periods when the coating operation is 
not in progress. The draft tube 50 may be adjustably mounted within column 15 by any convenient means such as one 

10 or nfx>re support brackets (not shown) to vary the L| distsmce. 

Extending from cylindrical inlet chamber 30 is tubular channel 34 which communicates with jet inlet tube 31 . Channel 
34 is provided with a swirl flow inlet line 36 which controls the width of the spray from nozzle 40. Communicating with 
channel 34 is tubular chamber 37 and associated inlet opening 38. Hot air introduced via inlet lines 36 and 38 heats the 
coating material exiting spray nozzle 40. Coating material flows through spray extension 24' from coating inlet 28'. 

15 FIG. 3 depicts the upper portion of the fluid-bed particle coater of the present invention showing a vertically positioned 
fountain tube 20 adapted with a horizontally disposed air inlet port 22 and terminating in a T-shaped spray extension 24 
provided with opposing air inlet 26 and liquid coating inlet 28. Fountain tube 20 houses a downwardly-facing atomizing 
spray nozzle 25. The spray nozzle 25 may be adjustably mounted to independentiy slide up and down in the fountain 
tube 20 to optimize the location of the nozzle. 

20 Heated air through air inlet 22 via flexible tubing 23 provides additional drying capacity during the coating procedure 
and controls the height of tiie particle fountain issuing from the draft tube. The fountain flow provides for a highly efficient, 
no-impact separation of the air and particles exiting the draft tube by redirecting and accelerating the particles downward 
.towards the annular region of lower cylirxlrical section 15c while the upwardly flowing air stream passes through upper 
cylindrical section 15a and exists through vent 17. The diameter of the upper cylindrical section should be sufficientiy 

25 large to reduce the air velocity below tine terminal velocity of the particles. 

Referring now to FIG. 4. a schematic representation of an automated fluid-bed particle coating system utilizing the 
coater 10 of the present invention is shown. As illustrated, fountain tube 20 has a greater diameter than draft tube 50 
and both tubes concentrically intersect within the upper section of the column 15 in an opened telescopic arrangement. 
In a schematic coating operation according to this particular embodiment of the invention, the inlet air supplied from 

30 a suitable source through line 100 is filtered in air fitter (AF) 105 to remove solid particulates and liquid droplets. The 
inlet air is tiien spirt into three air streams containing pressure regulators PR-1 , .PR-2 and PR-3, designated numerically 
as 101, 102 and 103, respectively. Typically, all the air required for these air streams may be supplied by a suitable 
k)lower. The inner diameter of the lines feeding these streams is set to keep the pressure drop in the lines to less than 
5 psig at the desired f lowrate. 

35 Air streams 1 1 1 and 1 12 are controlled by pressure regulators 101 and 102 which feed ambient air at volumetric 
flowrates Vna-1 and Vna-2 into spray nozzles 40 and 25, respectively, where the liquid coating is sheared to create 
aerosol sprays 121 and 122. The flowrates Vnl-1 and Vnl-2 of liquid sti^eams 131 and 132 to the spray nozzles are 
controlled between 1 and 160 mlAnin by a peristaltic pump 130. Reservoir 126 contains coating solution 128. 

Air leaving the stream containing pressure regulator 103 is ultimately split into four hot air streams 141, 142, 143 

40 and 144 having volumetric flowrates of V^, Vs. and Vp respectively Mass flow controllers MFC-1. MFC-2. MFC-3 
and MFC-4 designated as 151, 152, 153 and 154 provide the desired V^. V^, Vs and Vp flows in air streams 141, 142, 
143 and 144, respectively. The volumetric f lowrate Va provides aeration flow in the annulus sun-ounding the draft tube 
and facilitates the control of the particle circulation rate. The Vp fountain flow is controlled by mass flow controller MFC- 
4. Mass flow controllers MFC-5 and MFC-6. designated 155 and 156, more efficiently control the temperatures of air 

45 streams 141 and 144 by providing a better dynamic response of respective heaters 1 and 4. The mass flow controller 
circuits designated by dot-dashed lines 231 . 232. 233. 234, 235 and 236 have input and output capabilities which provide 
means for both monitoring and controlling all air flowrates. It should be noted tiiat Vn and Vs flows ultimately confine 
the aerosol spray and control its spread by focusing the spray on the particles entering the draft tijbe. Alternatively, tiie 
Vn and Vs flows may be combined before entering the present apparatus through either air stream 1 4 1 or 1 42 by means 

50 of 3-way valve 1 64. 

Heaters 181. 182. 183 and 184 via air streams 141, 142. 143 and 144, respectively, supply all tiie heat necessary 
for conducting the coating process and are controlled by output signals designated by dashed lines 221. 222. 223 and 
224 from the data acquisition and control system (DACS) 200. The power fed to each heater is separately contiolled to 
maintain the desired temperatures of the air inlet streams 1 41 . 1 42, 1 43 and 1 44, as well as to maintain tine temperatures 
55 in the draft and fountain tubes, and annular region of the column. 

Thermocouple probes (TC) 21 1 . 212. 213 and 214 are in electronic communication with the DACS 200 via circuits 
indicated by dotted lines to permit the temperatures of air streams 1 41 . 1 42. 1 43 and 1 44 to be monitored and controlled. 
Thernx)couple probes (TC) 201 . 202, 203 and 204 are also electronically connected to DACS 200 via circuits indicated 
by dotted lines to allow temperatures in the draft tube. vent, annulus and fountain tube regions to be monitored and 
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controlled. TC 204 also facilitates in controlling the energy balance of the coater. In the draft tube and fountain regions 
of the coater, fluid and particles are in intimate contact. The air is hot and the residence time for contacting is short. In 
the annulus of the coater, on the other hand, the contacting time is relatively long and the air comparatively cool. 
Pressure probes (not shown) may be conveniently placed adjacent to thermocouple probes 201. 202. 203 and 204 

5 . and can be connected to a multi-channel pressure transmitter (also not shown). All electronic instruments and probes 
are in communication with the data acquisition and control system 200 which comprises a completely integrated com- 
puter control system provided with output means. The computer control system utilizes specially designed software to 
automatically control all inlet f lowrates and temperatures, based on material and energy balances for the coater. Utilizing 
the present system, the particles will not be overheated and real time adjustments to critical input parameters can be 

10 accurately made. Also, Interphase heat and mass transfer rates can be optimized during the coating operation. 

The following example is given to further illustrate the invention, where f lowrates, velocities and temperatures and 
power ranges for the illustrated coating experiment are specifically set forth therein. 



\ A coating apparatus in electronic communication with an integrated computer control systenri according to the 
present invention is charged with 2.5 kg of a raw crystalline aspirin powder having an average particle diameter of about 
200 um. For purposes of this experimental run, an aqueous coating solution containing 25% by weight solids including 
a methacrylic acid copolymer is employed. 

20 The coating apparatus having the design characteristics essentially the same as that illustrated hereinabove is used 
in this experiment. The column of the coater was made sufficiently large to prevent elutriation of the fine particles; and 
cause them to fall back into the annulus. The diameter of the fountain tube is 150 mm and the diameter of the jet Inlet 
tube is 63.5 mm. The diameter of the draft tube is 76.2 mm and the column diameter is 152.4 mm. 

The volumetric f lowrates and temperature ranges for streams Vn. Vs. V^ and Vp are given in Table 1 . Heaters 181 , 

25 182, 183 and 184 have a capacity of 1.6, 0.6, 0.2 and 2.2 KW. respectively. Table 1 further gives the heater power 
associated with each stream. The flowrate for streams V|^;v'1 ^na'^ about 22 sipm and the run time for this 
experiment was approximately 150 minutes. 



TABLE 1 



35 



STREAM 


FLOWRATE (sIpm) 


TEMR («C) 


POWER (KW) 


Vn 


1500-3000 


50-55 


1-1.5 


Vs 


0 




0 


Va 


100-150 


30 


0 


Vf 


1000-1500 


77-83 


1.2-1.5 



I 

40 The entering Va stream has a relatively small flowrate. which is 3 to 5 times greater than the minimum fluidizing 
velocity of about 0.03 m/s. This prevents the agglomeration of particles falling in the annulus. By contrast, a relatively 
high velocity in the jet tube (7.9 to 15.8 m/s) is needed to entrain particles from the annulus. The jet flow, Vn, was adjusted 
during coating to obtain velocities of the order of 5 to 10 m/s which is 5 to 10 times the terminal velocity of the particles 
estimated to be about 1 m/s. At these velocities, pressure and voidage fluctuations disappear in the draft tube and the 

45 particles transport up the tube in a dilute phase flow at high voidages which was demonstrated to be the best regime 
for coating. 

The initial coating did not dry completely in the draft tube before entering the fountain. However, the hot fountain air 
stream quickly vaporized the remaining volatile liquid so that the particles were relatively dry before being deposited at 
the top of the annulus. They were completely dry by the time they reentered the draft tube. 

so The high interphase heat and mass transfer coefficients during the coating process make it possible to evaporate 
all the water despite the short residence times of transit through the draft and fountain tubes. As long as fluid is evapo- 
rating, the particles cannot heat above their maximum allowable temperature of about 40** C. The lower temperature air 
fed to the annulus was always kept below this maximum temperature. A liquid flowrate of about 8-12 ml/min was found 
suitable for purposes of this experimental run. 

55 While the above experiment demonstrates the feasibility of uniformly coating relatively fine particles in the range of 
150 to 250 um, coarser particles of the order of 1 mm including tablets may also be successfully coated without agglom- 
eration using the system of the present invention. /Mso. while the coating operation of this invention finds particular 
application in the pharmaceutical field, it can be used in the field of agriculture or engineering, and the food processing 
industry for coating or encapsulating any type of particulate material, including both metallic and non-metallic powders. 
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It should be understocxi that there may be various changes and modifications of the representative embodiments 
herein chosen for purposes of illustration v^ithout departing from the scope of the invention. For example, multiple jet 
and spray arrangements are contemplated by the present invention v/herei n plural layers of the same or different coatings 
can be applied to particulate materials by series flow through a plurality of coating and subsidence zones. Also, while 
5 the use of air as the suspending medium has been shown to be satisfactory, any gas other than air such as nhrogen or 
an inert gas. for example, can be employed in the present invention. Accordingly, the foregoing illustrations are not to 
be interpreted as restrictive of the invention beyond that necessitated by the following claims. 

Claims 

10 

1. An apparatus for spray coating discrete particles while such particles are suspended in a fluidized bed. said appa- 
ratus (10) comprising and characterised by: 

an upstanding column (15) including an upper cylindrical body section (15a) provided with a vent (17), a 
downwardly tapered Intermediate section (15b) and a lower cylindrical section (15c), said tapered intermediate 
IS section and said tower cylindrical section housing a vertically extending draft tube (50); 

a vertically positioned fountain tut>e (20) adapted with an air inlet port (22) and a spray extension (24) ternfii- 
nating in opposing air and liquid inlets (26.28) and extending axially above said upper cylindrical body section (15a). 
said fountain tube (20) housing a downwardly-facing atomising spray nozzle (25) and having a greater diameter 
than said draft tube (50). wherein both tubes concentrically intersect within the column in an opened telescopic dual- 
20 jet and spray anrangement; 

a cylindrical inlet chamber (30) extending from and communicating with said lower cylindrical section (15c), 
said cylindrical inlet chamber (30) being provided with an air entry port (32) and containing a jet inlet tube (31) and 
an upwardly-facing atomising spray nozzle (40) positioned in coaxial relationship to said jet inlet tube (31) and said 
draft tube (50); 

25 a tutxilar channel (34) which depends from said cylindrical inlet chamber (30) and communicates with said 

jet inlet tube (31). said tubular channel being provided with a swirl flow inlet line (36); 

an air inlet tubular chamber (37) which depends from and communicates with said tubular channel (34), said 
tubular chamber being adapted with an air inlet opening (38) and having a centrally protruding spray extension (24') 
provided with terminally opposing air and liquid inlets (26', 280; and 

30 regulating means for controlling flow distribution and flow rates within the apparatus and for controlling tem- 

peratures of all Inlet streams to the apparatus. 

2. The apparatus according to Claim 1 . characterised in that said jet inlet tube (31) is arranged annularly around said 
upwardly-facing atomising spray nozzle (40). 

35 

3. The apparatus according to Claim 1 or 2. characterised in that said air entry port (32) of the cylindrical inlet chamber 
(30) is arranged to provide aeration flow to an annular zone (33) surrourKling said draft tube (50). 

4. The apparatus according to any preceding claim, characterised in that said lower cylindrical section (15c) contains 
40 a perforated cylindrical insert (42) covered by a screen to prevent the particles from falling into the cylindrical inlet 

chamber (30) before and after the coating operation, said insert (42) and said screen having central openings which 
communicate with the top of said jet inlet tube (31). 

5. The apparatus according to Claim 4. characterised in that the distance between said top of the jet inlet tube (31) 
45 and a bottom inlet to said draft tube (50) is adjustable. 

6. The apparatus according to Claim 5, characterised in that said draft tube (50) is adjustably mounted within said 
column (15) to vary said distance between said top of the jet inlet tube (31) and the inlet to said draft tube (50). 

so 7. The apparatus according to any preceding claim, characterised in that said upwardly-facing atomising spray nozzle 
(40) is adjustably mounted to move up and down in said jet inlet tube (31 ) arxJ vertically extend into the lower portion 
of draft tube (50) to optimise the location thereof. 

8. The apparatus according to any preceding Claim, characterised in that said downwardly-facing atomising spray 
55 nozzle (25) is adjustably mounted to slide up and down within the fountain tube (20) to optimise the location thereof. 

9. The apparatus according to any preceding claim, characterised in that a saeen (39) which extends across the 
bottom of said tubular channel (34) to prevent particles from falling into the tubular chamber (37) when the upwardly- 
facing spray nozzle (40) is positioned within said jet inlet tube (31). 
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The apparatus according to Claim 7, characterised In that a screen with an opening which exterrds across a jet tube 
outlet to prevent particles from falling Into the jet tube (31) when the upwardly-facing spray nozzle (40} extends 
beyond said Jet tube outlet. 

The apparatus according to any preceding claim, characterised by pressure regulator means (101, 102) whereby 
air streams (111.112) to both said spray extensions (24,24*) are separately controlled by said pressure regulator 
means which feed ambient air at volumetric flow rates into said downwjardly-facing (25) and upwardly-facing (40) 
spray nozzles. 

The apparatus according to any preceding claim, characterised by a peristaltic pump (130). whereby liquid streams 
(131 .132) to both said spray extensions (24,24*) are controlled by said peristaltic pump. 

The apparatus according to any preceding claim, characterised by individual heaters (181.182,183,184) to control 
the temperatures of the inlet air streams (1 41 . 1 42, 1 43. 1 44) 

The apparatus according to Claim 13, characterised by each of said heaters (181,182,183,184) being connected 
in series to mass flow controllers (MFC1. MFC2, MFC3, MFC4). 

The apparatus according to any preceding claim, characterised by thermocouple probe (TC) and pressure probe 
means for monitoring temperatures and pressures within said column (15). 

The apparatus according to any preceding claim, characterised by said regulating means being in electronic com- 
munication with a computerised data acquisition and control system (200). 

Ttie apparatus of Claim 16. characterised in that said data acquisition and control system (200) comprises a com- 
pletely integrated computer control system provided with output means. 

PatentansprOche 

30 1. Ein Apparat zum Uberziehen diskreter Teilchen durch Bespruhen, wShrend sich solche Tellchen in einer Wlrbel- 
schicht in Schwebe befinden. wobei der besagte Apparat (10) die folgenden Teile umfaSt und durch sie gekenn- 
zeichnetist: 

eine aufrechte Kolonne (15) eInschlieBllch eines oberen zyllndrischen Rumpfabschnitts (15a) mit einem Ent- 

luftungsrohr (1 7), eines sich nach unten hin verjungenden Zwischenabschnitts (1 5b) und eines unteren zyllndrischen 
35 Abschnitts (15c), wobei der besagte sich verjungende Zwischenabschnitt und der besagte untere zylindrische 

Abschnitt ein sich senkrecht erstreckendes Zugrohr (50) enthalten; 

ein senkrecht angeordnetes Fontdnenrohr (20) mit einem LufteinlaSstutzen (22) und einer SprOhverldnge- 

rung (24). die mit in entgegengesetzte Richtungen weisenden Luft- und FIDssigkeitseinldssen (26. 28) endet und 

sich axial oberhalb des besagten oberen zyllndrischen Rumpfabschnitts (15a) erstreckl, wobei das besagte FontS- 
40 nenrohr (20) eIne abwarts gerichtete ZerstaubungsspruhdOse (25) enthait und einen grOBeren Durchmesser auf- 

weist als das besagte Zugrohr (50) und wobei sich die belden Rohre konzentrisch in einer offenen teleskopischen 

Zweistrahl- und Spruhanordnung Innerhalb der Kolonne schneiden; 

eine zylindrische EinlaBkammer (30). die sich von dem besagten unteren zyllndrischen Abschnitt (15c) aus 

erstreckt und mit diesem in Verbindung steht, wobei die besagte zylindrische EinlaBkammer (30) mit einem Luft- 
45 eInlaBstutzen (32) versehen ist und ein StrahlelniaBrohr (31) sowie eine aufwSrts weisende ZerstaubungsspruhdOse 

(40) enthait, die in koaxialer Beziehung zu dem besagten StrahlelniaBrohr (31) und dem besagten Zugrohr (50) 

angeordnet ist: 

einen rohrfCrmigen Kanal (34), der von der besagten zylindrischen EinlaBkammer (30) abhftngt und mit dem 
besagten StrahlelniaBrohr (31) in Verbindung steht. wobei der besagte rohrfOrmige Kanal mit einer Wirbelstromein- 
50 laBleltung (36) versehen ist; 

eine rohrfOrmlge LuftelnlaBkammer (37), die von dem besagten rohrffirmlgen Kanal (34) abhangt und mit 
diesem In Verbindung steht, wobei die besagte rohrfOrmige Kammer einen LuftelnlaBstutzen (38) umfaBt und mit 
einer zentral vorstehenden Spruhveriangerung (24*) mit in entgegengesetzte Richtungen weisenden und an deren 
Ende angeordneten Luft- und Flussigkeitseiniassen (26*. 28*) versehen ist: und 
55 Regelmittel zum Regein der Stromverteilung und der Durchsatzgeschwindigkelten innerhalb des Apparats 

sowie zum Regein der Temperaturen aller dem Apparat zugefOhrten EinlaBstrOme. 

2. Der Apparat nach Anspruch 1 , dadurch gekennzeichnet. daB das besagte StrahlelniaBrohr (31 ) ringf drmig ringsum 
die besagte aufwarts weisende ZerstdubungssprOhdOse (40) angeordnet ist. 
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3. Der Apparat nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB der besagte LufteinlaBstutzen (32) der zylin- 
drischen EinlaBkammer (30) so angeordnet ist, daB er eine das besagte Zugrohr (50) umgebende ringfOrmige Zone 
(33) mit einem beluftenden Luftstrom versorgt. 

5 4. Der Apparat nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet. daB der besagte untere zylindri- 
sche Abschnttt (15c) einen gelochten zylindrischen Einsatz (42) enthdtt. der mit einem Sieb abgedeckt ist um zu 
verhindern, daB die Teilchen vor und nach dem Uberziehvorgang in die zylindrische EinlaBkammer (30) fallen, wobei 
der besagte EInsatz (42) und das besagte Sieb mittlere Offnungen aufweisen. die mit dem oberen Ende des besag- 
ten StrahleinlaBrohrs (31) in VerbirKlung stehen. 

10 

5. Der Apparat nach Anspruch 4, dadurch gekennzeichnet, daB der Ak)stand zwischen dem besagten oberen Ende 
des StrahleinlaBrohrs (31) und einem unteren EinlaB des besagten Zugrohrs (50) verstelltsar ist. 

6. Der Apparat nach Anspruch 5. dadurch gekennzeichnet. daB das besagte Zugrohr (50) innerhalb der besagten 
15 Kolonne (1 5) versteilbar angeordnet ist, um den besagten Abstand zwischen dem besagten oberen Ende des Strahl- 
einlaBrohrs (31) und dem EinlaB des besagten Zugrohrs (50) zu variieren. 

7. Der Apparat nach einem der vorstehenden AnsprOche. dadurch gekennzeichnet. daB die besagte aufwdrts wei- 
sende ZerstSubungspruhduse (40) versteilbar angeordnet ist. so daB sie sich innerhalb des besagten StrahleinlaB- 

20 rohrs (31) aufwdrts bzw. abwdrts bewegen und in senkrechter Richtung in den unteren Teil des Zugrohrs (50) 
einfuhren IdBt. um ihre Lage zu optimieren. 

8. Der Apparat nach einem der vorstehenden AnsprOche. dadurch gekennzeichnet, daB die besagte abwdrts weisende 
Zerstdubungspruhduse (25) verstellt>ar angeordnet ist, so daB sie sich innerhalb des Fontdnenrohrs (20) aufwdrts 

25 bzw. abwdrts schieben ISBt. um ihre Lage zu optimieren. 

9. Der Apparat nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet, daB ein Schirm (39) vorgesehen 
ist. der sich quer Qber den Boden des besagten rohrfOrmigen Kanals (34) erstreckt, um zu verhindern. daB Teilchen 
in die rohrf6rmige Kammer (37) fallen, wenn die aufwdrts weisende Spruhduse (40) innerhalb des besagten Strahl- 

30 einlaBrohrs (31 ) angeordnet ist. 

10. Der Apparat nach Anspruch 7, dadurch gekennzeichnet, daB ein Schirm mit einer Offnung vorgesehen ist, der sich 
quer zu einem StrahlrohrauslaB erstreckt, um zu verhindern, daB Teilchen in das Strahlrohr (31) fallen, wenn sich 
die aufwdrts weisende Spruhduse (40) uber den besagten StrahlrohrauslaB hinaus erstreckL 

35 

11. Der Apparat nach einem der vorstehenden AnsprOche, gekennzeichnet durch Druckregelmittel (101, 102). wobei 
die zu den beiden besagten SpruhverlSngerungen (24, 24') fuhrenden LuftstrOme (111, 112) getrennt durch die 
besagten Druckregelmittel gesteuert werden, die Umluft mit volumetrischen Durchsatzgeschwindigkeiten in die 
besagten abwdrts weisenden Spruhdusen (25) und in die besagten aufwdrts weisenden Spruhdusen (40) einfuhren. 

40 

12. Der Apparat nach einem der vorstehenden AnsprOche, gekennzeichnet durch eine peristaltische Punpe (130), 
wobei durch die besagte peristaltische Pumpe zu den beiden besagten Spruhveriangerungen (24, 24") fuhrerxJe 
FlussigkeitstrOme (131, 1 32) gesteuert werden. 

45 13. Der Apparat nach einem der vorstehenden AnsprOche, gekennzeichnet durch individuelle Heizvorrichtungen (181 , 
182, 183, 184) zur Regelung der Temperaturen der EinlaBluftstrOme (141, 142, 143. 144). 

14. Der Apparat nach Anspruch 13. dadurch gekennzeichnet, da Bjede der besagten Heizvorrichtungen (181, 182, 183, 
184) mit Massenstromreglern (MFC1 . MFC2, MFC3, MFC4) in Reihe geschaltet ist. 

50 

15. Der Apparat nach einem der vorstehenden AnsprOche. gekennzeichnet durch ThermoelementmeBfuhlmittel (TC) 
und DruckmeBfOhlmittel zur Uberwachung der Temperaturen und DrOcke innerhalb der besagten Kolonne (15). 

16. Der Apparat nach einem der vorstehenden AnsprOche. dadurch gekennzeichnet. daB die besagten Regelmittel mit 
55 einem rechnergesteuerten Datenerfassungs- und Steuersystem (200) in elektronischer Verbindung stehen. 

17. Der Apparat nach Anspruch 16, dadurch gekennzeichnet, daB das besagte Datenerfassungs- und Steuersystem 
(200) ein vollkommen integrtertes Rechnersteuersystem umfaBt. das mit Ausgabemittein versehen ist. 
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Revendications 

1. Appareil pour pulveriser un rev§tement sur des particules discretes pendant que ces particules sont suspendues 
dans un litfluidis^, ledit appareil (10) 6tant constltu^ et caract6ris6 par : 

5 . une colonne verticale (15) comprenant une section de corps cyllndrique sup^rleure (1 5a) munle d*un 6vent 

, (17), une section conique interm6diaire diminuant vers le bas (15b) et une section cyllndrique inf6rleure (15c), ladite 
section interm^diaire conique et ladite section cyllndrique inf^rieure contenant un tube d'aspiratlon dispose verti- 
calement (50) ; 

un tube fontaine positlonn6 vertlcalement (20) adapts avec un orifice d'entr^e d'air (22) et un prolongement 
10 de pulverisation (24) se termlnant en entries oppos^es d*arr et de liqulde (26, 28) et dispose axlalement au-dessus 
de ladite section de corps cylindrique sup^rieure (15a). ledit tube fontaine (20) contenant un gicleur d'atomisation 
dirige vers le bas (25) et ayant un diametre sup^rieur ^ celui dudit tube d'aspiratlon (50), dans lequel les deux tubes 
I coupent concentriquement la colonne en un agencement k double jet et pulverisation teiescopique ouvert ; 
i une chambre d'entree cylindrique (30) depassant de ladite section cylindrique inferieure (15c) et communi- 

15 \ quant avec elle. ladite chambre d'entree cylindrique (30) etant munie d*un orifice d'entree d'air (32) et contenant un 
\ tube d'entree de jet (31) et un gicleur d'atomisation dirige vers le haut (40) positionne coaxialement avec ledit tube 
. d'entree de jet (31 ) et ledit tube d'aspiratlon (50) ; 

un conduit tubulaire (34) qui depend de ladite chambre d'entree cylindrique (30) et communique avec ledit 
tube d'entree de jet (31), ledit conduit tubulaire etant muni d'un tube d'entree k turbulence (36) ; 
20 une chambre tubulaire d'entree d'air (37) qui deperxi dudit conduit tubulaire (34) et communique avec iui. 

ladite chambre tubulaire etant adaptee avec. une ouverture d'entree d'air (38) et ayant un prolongement de pulve- 
risation falsant saillie au centre (24') et munie d'entrees d'air et de liquide opposees k I'extremit^ (26', 28*) ; et 

des moyens de regulation pour commander la repartition de recoulement et les debits k rinterieur de Tappareii 
et pour commander la temperature de tous les flux d'entree k I'appareil. 

25 

2. L'apparell selon la Revendication 1 . caracterise en ce que ledit tut}e d'entree de jet (31) est dispose annulairement 
autour dudit gicleur d'atomisation oriente vers le haut (40). 

3. L'appareil selon la Revendication 1 ou 2, caracterise en ce que ledit orifice d'entree d'air (32) de la chambre d'entree 
30 cylindrique (30) est agence de maniere k fournir un debit d'aeration k une zone annulaire (33) entourant ledit tube 

d'aspiratlon (50). 

4. L'appareil selon Tune quelconque des reveridications precedentes. caracterise en ce que ladite section cylindrique 
inferieure ( 1 5c) contient un insert cylindrique perfor6 (42) couvert d'un f litre pour emp§cher les particules de tomber 

35 dans la chambre d'entree cylindrique (30) avant et apres I'operation de rev§tement. ledit insert (42) et ledit f litre 
ayant des ouvertures centrales qui communiquent avec le haut dudit tube d'entree de jet (31). 

I 5. L'appareil selon la Revendication 4, caracterise en ce que la distance entre ledit haut du tube d'entree de jet (31) 
et une entree inferieure dudit tube d'aspiratlon (50) est reglable. 

40 

6. L'appareil selon la Revendication 5. caracterise en ce que ledit tube d'aspiratlon (50) est monte de maniere reglable 
k I'interieur de ladite colonne (1 5) pour faire varier la distance entre ledit haut du tube d'entree de Jet (31) et i'entree 
dudit tube d'aspiratlon (50). 

45 7. L'appareil selon I'une quelconque des revendications precedentes, caracterise en ce que ledit gicleur d'atomisation 
dirige vers le haut (40) est monte de maniere reglable pour pouvoir monter et descendre dans ledit tube d'entree 
de jet (31) et se prolonger vertlcalement dans la partie Inferieure du tube d'aspiration (50) pour optimiser son empla- 
cement. 

50 8. L'appareil selon Tune quelconque des revendications precedentes, caracterise en ce que ledrt gicleur d'atomisation 
dirige vers le bas (25) est monte de maniere reglable pour pouvoir coulisser vers le haut et le bas k rinterieur du 
tube fontaine (20) af In d'optlmlser son positlonnement. 

9. L'appareil selon I'une quelconque des revendications precedentes. caracterise en ce qu'un f litre (39) est dispose 
55 en travers du fond dudit conduit tubulaire (34) pour empecher les particules de tomber dans la chambre tubulaire 
(37) lorsque gicleur d'atomisation dirige vers le haut (40) est positionne dans ledit tube d'entree de jet (31). 
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10. Uappareil selon la Revendication 7, caract6ris6 par un f litre ayant une ouverture dlspos^e en travers d'une sortie 
de tube de j et pour emp§cher les particules de tomber dans le tube de jet (31 ) lorsque le gicleur d^atomisation dirigd 
vers le haut (40) s'^tend au-del^ de ladite sortie de tube de jet. 

5 11. L'appareil selon Tune quelcorKiue des revendrcations pr^c6dentes, caract^ris^ par des moyens r^gulateurs de pres- 
sion (101, 102) de telle sorte que les flux d'air (111. 112) aux deux prolongements de pulverisation pr^cit^s (24, 
24*) sont commandos s^par^ment par lesdits moyens de r^ulation de presslon qui font entrer Pair ambient k des 
debits volum^riques dans lesdits pulv^risateurs dirig^s vers le bas (25) et vers le haut (40). 

10 12. Uappareil selon Tune quelconque des revendications pr^c^entes, caract6ris6 par une pompe p^rlstaltique (130), 
de telle sorte que les flux de liquide (131 , 132) aux deux prolongements de pulverisation (24. 24*) sont commandos 
par ladite pompe peristattique. 

13. Uappareil selon Tune quelconque des revendications prec6dentes. caract^rise par des elements chauffants indivi- 
IS duels(181. 182, 183, 184)pourassurer la regulation de la temperature des flux d'air d'entr^e (141, 142, 143. 144). 

14. Uappareil selon la Revendication 13. caracterise par le fait que chacun des elements chauffants (181, 182. 183, 
184) est connecte en serie aux regulateurs de debit massique (MFC1 . MFC2, MFC3, MFC4). 

20 15. L'appareil selon Tune quelconque des revendications precedentes, caracterise par une sonde k thermocouple (TC) 
et un moyen de sonde de pression pour contrdler les temperatures et les pressions dans ladite cdonne (15). 

.16. Uappareil selon Tune quelconque des revendications precedentes, caracterise en ce que ledit moyen de regulation 
est en communication eiectronlque avec un systeme d'acquisition des donnees et de commande informatise (200). 

2S 

17. Uappareil de la Revendication 16, caracterise en ce que ledIt systeme d'acquisitlon de donnees et de commande 
(20) comprend un systeme de commande informatise entierement integre muni de moyens de sortie. 
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